(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(ID EP 1111 211 A2 

EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


(51) Intel': F01N 3/20, B01D 53/94, 




27.06.2001 Bulletin 2001/26 




P09R T7/1 R 


(21) 


Application number: 00311124.2 






(22) 


Date of filing: 13.12.2000 






(84) 


Designated Contracting States: 


(72) 


Inventors: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• 


King, Edward Thomas 




MCNLPTSETR 




Dearborn, Michigan 48124 (US) 




Designated Extension States: 


• 


Vanderslice, John 




AL LT LV MK RO SI 




Berkley, Michigan 48072 (US) 


(30) 


Priority: 21.12.1999 US 468499 


(74) 


Representative: Messulam, Alec Moses et al 




A. Messulam & Co. Ltd., 


(71) 


Applicant: Ford Global Technologies, Inc. 




43-45 High Road 


Dearborn, Michigan 48126 (US) 




Bushey Heath, Bushey, Herts WD23 1EE (GB) 



(54) Exhaust gas purification system for a lean burn engine 



(57) An exhaust gas purification system for an en- 
gine equipped with a turbocharger (20) and an exhaust 
pipe having a NO x conversion catalyst (40) therein. The 
system comprises a reservoir (30) for storing pressu- 
rised air received from the turbocharger, a reductant in- 
jector (42) in fluid communication with a reductant sup- 
ply (44), and a mixing chamber (36) in fluid communi- 



cation with the reservoir (30) and connected to the re- 
ductant injector (42). The reductant injector (42) is re- 
sponsive to an injection signal for atomising and inject- 
ing a quantity of reductant into the mixing chamber (36). 
The mixing chamber (36) is in fluid communication with 
the exhaust pipe for introducing a quantity of air and re- 
ductant mixture into the exhaust gas flow upstream of 
the NO x conversion catalyst (40). 
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Description 

[0001] The present invention relates generally to ex- 
haust systems for engines and, more particularly, to an 
exhaust after-treatment system for a low emission, lean- 5 
burn internal combustion engine. 
[0002] Catalysts are generally used as a means for 
removing pollutants such a HC, CO and NO x from the 
exhaust gas of internal combustion engines. The ability 
of a catalyst to remove NO x in the exhaust gas falls rap- 10 
idly, however, when the air-fuel ratio of the exhaust gas 
becomes leaner. Lean burn engines such as diesel en- 
gines, operate at overall air-fuel ratios leaner than stoi- 
chiometry. As a result, they have improved fuel econo- 
my. On the other hand, conventional three-way catalysts 
do not function properly at such lean air-fuel ratios be- 
cause of the relatively high concentration of oxygen in 
the exhaust gas. For this reason, such engines are typ- 
ically equipped with a lean NO x catalyst (LNC) and/or a 
selective catalytic reduction (SCR) catalyst. 
[0003] LNC and SCR catalyst can chemically reduce 
NO x into the components of C0 2 , H 2 0, and N 2 by utilis- 
ing hydrocarbons in the exhaust gas stream. To in- 
crease the NO x conversion efficiency of such exhaust 
gas after-treatment systems, injectors are used to inject 
reductants such as gasoline, diesel fuel or urea into the 
exhaust gas upstream of the catalyst. 
[0004] The quantity of reductant injected is very small, 
and must be finely atomised prior to introduction in the 
exhaust gas flow upstream of the LNC or SRC. Conven- 
tional reductant injection systems utilise an air assisted 
injector in connection with a series of electrically or me- 
chanically driven air and reductant pumps to introduce 
the air/reductant into the exhaust stream. Such systems 
have the obvious drawback of additional cost, noise and 
weight associated with the separate dedicated electrical 
or mechanical air and reductant pump system. 
[0005] According to the present invention there is pro- 
vided an improved exhaust gas purification for an en- 
gine equipped with a turbocharger and an exhaust pipe 
having a NO x conversion catalyst therein. The system 
comprises a reservoir for storing pressurised air re- 
ceived from the turbocharger, a reductant injector in fluid 
communication with a reductant supply, and a mixing 
chamber in fluid communication with the reservoir and 
connected to the reductant injector. The reductant injec- 
tor is responsive to an injection signal for atomising and 
injecting a quantity of reductant into the mixing chamber. 
The mixing chamber is in fluid communication with the 
exhaust pipe for introducing a quantity of air and reduct- 
ant mixture into the exhaust gas flow upstream of the 
NO x conversion catalyst. 

[0006] In one embodiment of the invention, the sys- 
tem includes an engine control unit, a valve connected 
between the reservoir and the mixing chamber, and a 
differential pressure transducer positioned between the 
mixing chamber and the exhaust pipe for measuring the 
pressure differential across the mixing chamber and ex- 



haust pipe upstream of the NO x conversion catalyst. 
The engine control unit controls the valve to introduce 
a quantity of pressurised air from the reservoir into the 
mixing chamber to maintain the pressure differential be- 
tween the mixing chamber and exhaust pipe substan- 
tially constant. 

[0007] One advantage of the present invention is that 
it eliminates the cost, weight, and durability concerns 
associated with a separate dedicated electrically or me- 
chanically driven air pump. 

[0008] The present invention will now be described 
further, by way of example, with reference to the accom- 
panying drawings, in which: 

Figure 1 is a schematic view of an exhaust system 
according to one embodiment of the present inven- 
tion illustrating its operational relationship with an 
internal combustion engine; and 
Figure 2 is a logic flow diagram describing one 
method of operating the exhaust gas purification 
system of Figure 1 . 

[0009] Turning now to Figure 1 , an exhaust gas puri- 
fication system 10 is illustrated in operational relation- 
ship with a lean burn internal combustion engine 12 
such as a direct injected diesel engine for an automotive 
vehicle. The engine 12 has an exhaust manifold 14 to 
direct the exhaust gases from the engine 1 2 through the 
turbocharger 20, to the exhaust system 10. 
[0010] The engine 12 includes sensors, indicated 
generally at 16, for providing information about engine 
performance to the engine control unit 18. Such infor- 
mation includes the crankshaft position, camshaft posi- 
tion, accelerator pedal position, air temperature, engine 
coolant temperature, etc. The information from the sen- 
sors 16 is used by the engine control unit 18 to control 
operation of the engine 12. 

[001 1] The engine 1 2 further includes a turbocharger 
20 for increasing the intake airflow and pressure sup- 
plied to the cylinders of the engine 12. 
[0012] The exhaust gas purification system 10 iscou- 
pled to the turbocharger 20 by way of an exhaust flange 
15. 

[0013] The engine control unit 18 is preferably a mi- 
croprocessor-based controller which provides integrat- 
ed control of the engine 12 and exhaust gas purification 
system 10, among other things. Of course, the present 
invention may be implemented in a separate controller 
depending upon the particular application. The engine 
control unit 1 8 includes a microprocessor 22 in commu- 
nication with input ports and output ports and associated 
memory 24. The memory 24 may include various types 
of volatile and non-volatile memory such as random ac- 
cess memory (RAM), read-only memory (ROM), and 
keep-alive memory (KAM). These functional descrip- 
tions of the various types of volatile and non-volatile 
storage may be implemented by a number of known 
physical devices including but not limited to EPROMs, 
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EEPROMs, PROMs, flash memory, and the like. 
[0014] The exhaust gas purification system further in- 
cludes a reservoir 30 which receives pressurised air 
from the compressor portion 31 of the engine turbo- 
charger 20. A check valve 32 prevents the pressurised 5 
air from bleeding out of the reservoir 30 and back into 
the turbocharger 20. An air valve 34 delivers pressu- 
rised air from the reservoir 30 into a chamber 36. A pas- 
sage 38 provides a conduit through which the pressu- 
rised air and reductant is introduced into the exhaust gas 10 
flow upstream of the LNC or SCR 40. 
[0015] Reductant is introduced into the chamber 36 
by the injector 42 which is supplied from a reductant sup- 
ply system 44. A differential pressure transducer 46 
senses the pressure differential between the chamber 
36 and exhaust gas flow 48. This signal is supplied to 
the engine control unit 18 for use in activating the injec- 
tor 42 and air valve 34. 

[0016] An upstream temperature sensor 50 and 
downstream temperature sensor 52 are also provided 
upstream and downstream of the LNC or SCR 40, and 
communicate temperature information to the engine 
control unit 18. 

[0017] The operation of the exhaust gas purification 
system will now be described with reference to Figures 
1 and 2. Pressurised air from the turbocharger compres- 
sor 31 fills the reservoir 30. The check valve 32 keeps 
the pressurised air from bleeding out of the reservoir and 
back into the compressor 31 . As shown in Figure 2, the 
engine control unit senses the upstream and down- 
stream temperature of the catalyst 40 in step 100, by 
way of the upstream and downstream temperature sen- 
sors 50, 52 respectively. The upstream and downstream 
temperature sensors 50, 52 aid the engine control unit 
18 in determining whether or not reductant is to be in- 
jected into the exhaust gas flow. For example, there are 
times such engine cold start operation, or extended idle, 
when the catalyst 40 is relatively cool and outside its 
prime operating mode and does not require reductant 
injection because of the relatively higher concentrations 
of unburned hydrocarbons in the exhaust gas flow. By 
known methods, the engine control unit 18 determines 
when it is necessary to add reductant to the exhaust gas 
flow at step 102. 

[0018] Although the preferred system includes tem- 
perature sensors 50, 52, alternative exhaust system 
sensors may be used. For example, upstream and 
downstream NO sensors could be used to directly 
measure the catalyst conversion efficiency. 
[0019] The pressure differential across the chamber 
36 and exhaust gas flow 48 is sensed by the differential 
pressure transducer 46 at step 104, and the signal is 
supplied to the engine control unit 18. Based on the dif- 
ferential pressure measured in step 104, the engine 
control unit 18 determines the pressurised air flow rate 
required for consistent reductant metering and atomisa- 
tion in step 106. From this step, the duty cycle of the air 
valve 34 is determined in step 108 as well as the duty 



4 

cycle of the injector 42 at step 110. Preferably, the en- 
gine control unit varies a pulse width modulated (PWM) 
signal to the air valve 34 to keep the pressure differential 
as measured by the differential pressure transducer 46 
constant. 

[0020] The engine control unit 1 8 then controls the air 
valve 34 and injector 42 at step 112 in accordance with 
the duty cycles determined in steps 108 and 110. Upon 
activation, reductant is injected into the chamber 36 by 
the nozzle 42. At the same time, pressurised air is intro- 
duced into the chamber 36 by the air valve 34. The at- 
omised reductant and air mixture then travels along the 
conduit 38 and is introduced into the exhaust gas flow 
48 upstream of the catalyst 40. 
[0021] The upstream and downstream temperature 
sensors 50, 52 also serve the additional function of error 
detection in the exhaust gas purification system 1 0. For 
example, the temperature sensors 50 and 52 can mon- 
itor the temperature rise due to exothermic catalyst re- 
actions and signal malfunctions in the air valve 34, in- 
jector 42, or the differential pressure transducer 46. 
[0022] Although the engine control unit 1 8 preferably 
maintains the pressure differential as measured by the 
pressure differential transducer 46 constant, there are 
times when a lower pressure drop across the transducer 
46 is preferred to conserve the pressurised air supply in 
the reservoir 30. For example, airflow into and out of the 
chamber 36 is desirable and necessary to ensure that 
the orifice at the tip of the conduit 38 does not plug with 
exhaust gas deposits. However, the turbocharger 20 
does not necessarily deliver pressurised air to the res- 
ervoir 30 at all times. It is, therefore, necessary to meter 
the pressurised air from the reservoir as economically 
as possible. Accordingly, the engine control unit senses 
the exhaust gas temperature from the upstream temper- 
ature 50 as well as from engine control sensor 16 such 
as the engine speed, vehicle speed, and/or accelerator 
pedal position to infer whether the engine is at idle. 
While the engine is at idle or under conditions where 
reductant delivery is not required such as cold start op- 
eration, the engine control unit 18 modulates the PWM 
signal to air valve 34 to maintain a lower pressure drop 
across the pressure transducer 46 to conserve the pres- 
surised air supply in the reservoir 30. 



Claims 

1. An exhaust gas purification system for an engine 
equipped with a turbocharger (20) and an exhaust 
pipe having a NO x conversion catalyst (40) therein, 
the system comprising: 

a reservoir (30) for storing pressurised air re- 
ceived from the turbocharger (20); 
a reductant injector (42) in fluid communication 
with a reductant supply (44), the reductant in- 
jector (42) responsive to an injection signal for 
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atomising and injecting a quantity of reductant; 
and 

a mixing chamber (36) in fluid communication 
with the reservoir (30) and connected to the re- 
ductant injector (42), the mixing chamber (36) 5 
in fluid communication with the exhaust pipe for 
introducing a quantity of air and reductant mix- 
ture from the reservoir (30) and reductant injec- 
tor (42) into the exhaust gas flow upstream of 
the Nox conversion catalyst (40). 10 

An exhaust gas purification system as claimed in 
claim 1 further comprising a valve connected be- 
tween the reservoir and the mixing chamber, the 
valve responsive to a valve control signal for intro- '5 
ducing a quantity of pressurised air from the reser- 
voir intqthe mixing chamber. 

An exhaust gas purification system as claimed in 
claim 1 further comprising upstream and down- 20 
stream temperature sensors located upstream and 
downstream, respectively, of the NOx conversion 
catalyst for monitoring the temperature differential 
across the NO x conversion catalyst. 

25 

An exhaust gas purification system as claimed in 
claim 1 further comprising downstream NO sensors 
located upstream and downstream, respectively, of 
the NO x conversion catalyst for determining the 
conversion efficiency of the catalyst. 3 0 

An exhaust gas purification system as claimed in 
claim 2 further comprising a differential pressure 
transducer positioned between the mixing chamber 
and the exhaust pipe for measuring the pressure 35 
differential across the mixing chamber and exhaust 
pipe upstream of the NOx conversion catalyst. 

An exhaust gas purification system as claimed in 
claim 5 further comprising an engine control unit in- 40 
eluding a microprocessor and associated memory, 
the engine control unit adapted to receive as an in- 
put the pressure differential signal from the differ- 
ential pressure transducer and output the valve 
control signal to maintain the pressure differential 45 
across the mixing chamber and exhaust pipe up- 
stream of the NOx conversion catalyst substantially 
at a desired value. 

An exhaust gas purification system as claimed in so 
claim 6 further comprising upstream and down- 
stream temperature sensors located upstream and 
downstream, respectively, of the NOx conversion 
catalyst, the engine control unit being adapted to 
receive as inputs the upstream and downstream 55 
temperature signal from the upstream and down- 
stream temperature sensors, respectively, and out- 
put the valve control signal and reductant injection 



signal to achieve a desired level of NO x conversion 
in the NO x conversion catalyst. 

8. An exhaust gas purification system for an engine 
equipped with a turbocharger and an exhaust pipe 
having a catalyst therein, the system comprising: 

an engine control unit; 

a reservoir for storing pressurised air received 
from the turbocharger; 

a valve in fluid communication with the reser- 
voir and responsive to a valve control signal for 
delivering a quantity of pressurised air from the 
reservoir; 

a reductant injector in fluid communication with 
a reductant supply and responsive to an injec- 
tion signal for atomising and injecting a quantity 
of reductant; and 

a mixing chamber in fluid communication with 
the valve and connected to the reductant injec- 
tor, the mixing chamber including an elongated 
conduit in fluid communication with the exhaust 
pipe for introducing a quantity of air and reduct- 
ant mixture from the mixing chamber into the 
exhaust gas flow upstream of the catalyst; 
the engine control unit including logic adapted 
to output the valve control signal and reductant 
injection signal to achieve a desired level of cat- 
alyst efficiency. 

9. An exhaust gas purification system as claimed in 
claim 8 further comprising upstream and down- 
stream temperature sensors located upstream and 
downstream, respectively, of the catalyst, the en- 
gine control unit being adapted to receive as inputs 
the upstream and downstream temperature signal 
from the upstream and downstream temperature 
sensors, respectively, and output the valve control 
signal and reductant injection signal to achieve a 
desired level catalyst efficiency. 

10. An exhaust gas purification system as claimed in 
claim 8 further comprising a differential pressure 
transducer positioned between the mixing chamber 
and the exhaust pipe for measuring the pressure 
differential across the mixing chamber and exhaust 
pipe upstream of the catalyst, the engine control 
unit adapted to receive as an input the pressure dif- 
ferential signal from the differential pressure trans- 
ducer and output the valve control signal to maintain 
the pressure differential across the mixing chamber 
and exhaust pipe upstream of the catalyst substan- 
tially at a desired value. 

11. In an exhaust gas purification system for an engine 
equipped with a turbocharger and an exhaust pipe 
having a catalyst therein, the system comprising a 
reservoir for storing pressurised air received from 
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the turbocharger, a valve in fluid communication 
with the reservoir and responsive to a valve control 
signal, a reductant injector in fluid communication 
with a reductant supply and responsive to an injec- 
tion signal, a mixing chamber in fluid communica- 5 
tion with the valve and connected to the reductant 
injector, the mixing chamber in fluid communication 
with the exhaust pipe, a differential pressure trans- 
ducer positioned between the mixing chamber and 
the exhaust pipe, and an upstream and downstream 10 
temperature sensor located upstream and down- 
stream, respectively, of the catalyst, a method for 
increasing the efficiency of the catalyst comprising 
the steps of: 

75 

determining a quantity of air to introduce into 
the mixing chamber from the reservoir; 
determining a quantity of reductant to be inject- 
ed into the mixing chamber; 
outputting the valve control signal to activate 20 
the valve to deliver the desired quantity of pres- 
surised air from the reservoir to the mixing 
chamber; and 

outputting the injection signal to activate the re- 
ductant injector to deliver the desired quantity 25 
of reductant to the mixing chamber, 
the quantity of air being such that the pressure 
within the mixing chamber is greater than pres- 
sure within the exhaust pipe upstream of the 
catalyst such that the air/reductant mixture is 30 
introduced into the exhaust pipe upstream of 
the catalyst to achieve a desired level of cata- 
lyst efficiency. 
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(54) Exhaust gas purification system for a lean bum engine 



(57) An exhaust gas purification system for an en- 
gine equipped with a turbocharger (20) and an exhaust 
pipe having a NO x conversion catalyst (40) therein. The 
system comprises a reservoir (30) for storing pressu- 
rised air received from the turbocharger, a reductant in- 
jector (42) in fluid communication with a reductant sup- 
ply (44), and a mixing chamber (36) in fluid communi- 



cation with the reservoir (30) and connected to the re- 
ductant injector (42). The reductant injector (42) is re- 
sponsive to an injection signal for atomising and inject- 
ing a quantity of reductant into the mixing chamber (36). 
The mixing chamber (36) is in fluid communication with 
the exhaust pipe for introducing a quantity of air and re- 
ductant mixture into the exhaust gas flow upstream of 
the NO x conversion catalyst (40). 
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